Antiangiogenic therapy, especially treatment with sorafenib, is the primary treatment for patients with advanced hepatocellular carcinoma (HCC). However, the efficacy of such therapy is modest, with low objective response rates and limited prolongation of survival times. Several researchers have investigated predictive biomarkers to help identify patients who can benefit most from antiangiogenic therapy. The largest study on this topic to date was based on the pivotal phase III study of sorafenib (the SHARP study) and did not find any plasma markers that could predict the efficacy of sorafenib. Other studies based on single-arm phase II clinical trials found some potential predictive markers, such as early alpha-fetoprotein response, the serum insulin-like growth factor-1 level at baseline, and the volume transfer constants of dynamic contrast-enhanced magnetic resonance imaging. These findings require validation by further studies. Identifying predictive biomarkers of antiangiogenic therapy for HCC remains challenging and warrants further investigations.
Introduction
Advanced hepatocellular carcinoma (HCC), defined as metastatic or locally advanced disease not amenable to locoregional therapies such as surgery [1] , local ablation [2] , or transcatheter arterial chemoembolization (TACE) [3] is notorious for its extremely poor prognosis. Patients who received best supportive care for advanced HCC had a median overall survival (OS) of only 4.2 months in East Asia and 7.9 months in Western countries [4, 5] . Because HCC is refractory to cytotoxic chemotherapy [6] [7] [8] , it has for decades been a disease with no proven therapy offering survival benefits.
Since 2007, sorafenib has become the standard of care for patients with advanced HCC. Two large randomized, placebo-controlled, double-blind phase III clinical trials have shown that sorafenib, compared to a placebo, significantly improved the OS of patients with advanced HCC [4, 5] . Sorafenib is a multi-kinase inhibitor of several cellular signaling pathways, including the vascular endothelial growth factor (VEGF) pathway [via the inhibition of VEGF receptors (VEGFR)] and the mitogen-activated protein kinase (MAPK) pathway (via Raf inhibition) [9] . Based on the success of sorafenib, several other targeted agents (e.g., bevacizumab and sunitinib) that produce antiangiogenic activity by inhibiting the VEGF/VEGFR pathway or other angiogenic pathways were also found to have clinical activities against HCC [10] [11] [12] [13] [14] . Thus, the treatment of advanced HCC has evolved into the era of antiangiogenic therapy.
However, the clinical effects of sorafenib and other antiangiogenic agents against HCC are modest. According to Response Evaluation Criteria In Solid Tumors (RECIST) [15] , the objective tumor response rate to sorafenib for advanced HCC is only 2-3%; the disease stabilization rate for sorafenib is approximately 34-43%, and survival prolongation by sorafenib is no more than 3 months [4, 5] . It is imperative to find biomarkers that predict the efficacies of sorafenib and other antiangiogenic therapies for HCC. These markers could help identify the minority of patients with advanced HCC who are likely to benefit from antiangiogenic therapies, and identify the majority of patients who are unlikely to benefit from such treatments. To date, clinically useful predictive biomarkers of sorafenib and other antiangiogenic therapies for HCC remain undefined.
This review article presents a summary of the current understanding of predictive markers for antiangiogenic agents, especially for sorafenib, in advanced HCC. To avoid confusion, we exclude studies based on HCC of all stages (i.e., those not focusing on advanced HCC) and those based on patients receiving only cytotoxic chemotherapy for advanced HCC. Tables 1 and 2 present the key findings of the studies discussed in this review.
Prognostic and Predictive Markers
The characteristics of patients and their biospecimens can act as prognostic or predictive markers when they are significantly correlated with patient outcomes. Prognostic markers identify survival differences in a specific group of patients regardless of treatment [16] . A prognostic marker does not necessarily guide treatment because patients classified with a poor prognosis may still benefit from treatment. Conversely, predictive markers identify outcome differences as a result of certain treatments [16] . The outcomes of cancer therapies can be measured as objective tumor responses or survival benefits. Comparative studies involving a treatment group and a reference or control group of patients are required to find a predictive marker for survival benefits from a specific treatment. Otherwise, a marker associated with poor survival may be a prognostic marker but not necessarily a predictive marker for treatment. There are inherent difficulties in identifying predictive biomarkers of sorafenib and other antiangiogenic agents for advanced HCC. Following two large placebo-controlled, randomized, phase III studies of sorafenib, several large randomized phase III studies comparing new compounds to sorafenib have been unsuccessful to improve OS. Most studies incorporating biomarker research in advanced HCC are single arm and small scale. The objective tumor response rates of sorafenib and other antiangiogenic agents in HCC are so low that these small studies are not robust enough to identify markers with consistent and significant predictive power.
Because of the low objective tumor response rates of sorafenib and other antiangiogenic agents for advanced HCC, many researchers have turned to other measurements to determine treatment efficacies. The disease control rate (DCR), defined as the percentage of objective tumor response and disease stabilization, commonly appears in clinical studies on advanced HCC. The time to tumor progression (TTP), defined as the interval from the start of treatment to when radiologic tumor progression is documented, has been proposed as a proper endpoint in clinical trials of interventional studies on HCC [17] . Unfortunately, both DCR and TTP are based on the non-progression of the targeted tumor lesions, which could be affected by less aggressive tumor behavior rather than the effectiveness of the investigational drugs. Many studies use progression-free survival (PFS), defined as the interval from the start of treatment to when either tumor progression or patient death occurs, to gauge the efficacy of HCC treatment. As an efficacy endpoint, PFS is heavily skewed when non-tumorrelated death occurs. This commonly occurs in patients with advanced HCC, who frequently suffer from complications related to liver cirrhosis and chronic liver disease.
Despite these difficulties and limitations, many studies have attempted to identify biomarkers that either predict the efficacy of antiangiogenic therapy or are associated with the prognosis of patients who receive antiangiogenic therapy for advanced HCC. The following sections present the potential predictive or prognostic markers reported in the recent literature.
Serum/plasma Angiogenic Factors

Vascular Endothelial Growth Factor-A (VEGF-A)
VEGF-A, the most potent pro-angiogenic factor of tumor neovascularization and angiogenesis, has been the prime target in the development of antiangiogenic therapy as cancer treatment. All currently approved antiangiogenic agents, including sorafenib, have the ability to inhibit the VEGF-A/VEGFR pathway. Therefore, it is reasonable to assume predictive and prognostic values for the serum or plasma VEGF-A level in the antiangiogenic therapy of advanced HCC.
Based on the SHARP study, which tested sorafenib as first-line therapy for advanced HCC, Llovet et al. found that a low baseline plasma VEGF-A concentration was associated with better OS, both in patients who received a placebo and in the entire cohort [18] . The prognostic value of low baseline plasma VEGF-A concentration was independent of other clinicopathologic variables. However, comparing the OS of the placebo group and the treatment group showed that the VEGF-A level was not associated with sorafenib efficacy. Based on a single-arm phase II study testing the combination of sorafenib and metronomic tegafur/ uracil in advanced HCC, Shao et al. found that low plasma VEGF-A predicted better OS, but was not associated with DCR or PFS [19] . Kaseb et al. analyzed patients with advanced HCC treated with supportive care only or with diverse chemotherapy regimens and confirmed the prognostic role of the plasma VEGF-A level [20] .
However, a small study of 30 patients who received sorafenib for advanced HCC showed no association between the serum VEGF-A level and PFS or OS [21] . Two phase II studies testing bevacizumab as first-line treatment for advanced HCC found a post-treatment decrease in the levels of plasma VEGF-A [10, 14] . However, neither study found an association between plasma VEGF-A levels and patient survival outcomes.
These findings show that plasma VEGF-A levels may be a prognostic marker for patients with advanced HCC. However, the current data fail to show a correlation between plasma VEGF-A levels and the efficacy of sorafenib or other antiangiogenic therapies in advanced HCC. The post-treatment plasma VEGF-A level might serve as a pharmacodynamic marker for inhibitors of the VEGF-A/VEGFR pathway; however, the predictive or prognostic role of plasma VEGF-A levels in advanced HCC patients treated with antiangiogenic therapy remains unclear.
Interleukin (IL)-6 and IL-8
IL-6 and IL-8 are key inflammatory response mediators that can promote angiogenesis [22, 23] . In colorectal cancer, high plasma IL-6 and IL-8 levels may predict a poor tumor response to bevacizumab-containing chemotherapy regimens [24] . For advanced HCC, based on a phase II trial testing bevacizumab, Boige et al. showed that high baseline plasma IL-6 and IL-8 levels were associated with poor PFS and OS [10] . They also found that low baseline plasma IL-8 predicted disease control.
Two other phase II clinical trials of advanced HCC investigated the significance of plasma IL-6 and IL-8 levels. Zhu et al. analyzed patients treated with sunitinib, and Shao et al. analyzed patients treated with sorafenib combined with metronomic tegafur/uracil [12, 19] . Although both studies found that high baseline plasma IL-6 or IL-8 levels were associated with poor OS, they found no association between DCR and plasma IL-6 or IL-8 levels [12, 19] .
The consistent association of plasma IL-6 and IL-8 levels with the OS of patients with advanced HCC implies their prognostic roles, regardless of the treatment regimen. Conversely, only the study testing bevacizumab found some potential predictive value based on the correlation with DCR and PFS. The predictive value of plasma IL-6 or IL-8 levels in patients treated with sorafenib or other antiangiogenic therapies remain to be investigated.
Angiopoietin-2 (Ang2)
Ang2, by interacting with its receptor Tie2, cooperates with the VEGF/VEGFR pathway to maintain normal physiologic functions. In the presence of VEGF, Ang2 destabilizes blood vessels and promotes vascular sprouting [25] . In cancers, Ang2 is linked not only to angiogenesis but also to invasive and metastatic phenotypes [25] . Sorafenib has no significant activity against Tie2 [9] .
Based on the SHARP study comparing sorafenib versus a placebo as first-line therapy for advanced HCC, Llovet et al. found that high baseline plasma Ang2 levels independently predicted poorer OS in both the sorafenib group and the placebo group [18] . However, the analysis of the interaction between the prognostic value of Ang2 and sorafenib treatment showed that Ang2 could not predict the efficacy of sorafenib. Conversely, based on 30 patients who received sorafenib for advanced HCC, Miyahara et al. found that high levels of Ang2 predicted poorer PFS [21] .
Overall, these results indicate that the plasma Ang2 level is a prognostic factor for patients with advanced HCC. However, the plasma Ang2 level does not predict the efficacy of sorafenib in advanced HCC.
VEGF-C
Sunitinib, a kinase inhibitor against multiple receptors involved in angiogenesis, including VEGFR-2 and VEGFR-3, has been examined for its efficacy against advanced HCC. Based on a phase II study enrolling 37 patients who received sunitinib as first-line therapy for advanced HCC, Faivre et al. found that patients with high baseline plasma levels of VEGF-C, the ligand of VEGFR-3, were more likely to have disease control [13] .
Sorafenib has limited efficacy against VEGFR-3 [9] . Based on a study of 64 patients treated with sorafenib and metronomic tegafur/uracil, Shao et al. failed to find any association between VEGF-C levels and treatment outcomes. Therefore, the value of VEGF-C levels as predictive or prognostic markers for sorafenib appears to be limited.
Other Serum/Plasma Factors
Insulin-like growth factor (IGF)-1 IGF signaling pathway is a key regulator of energy metabolism and growth [26] . This pathway plays an important role in the carcinogenesis of many cancers. Neoplastic tissues frequently express the ligands of the pathway, IGF-1 and IGF-2 [26] . The activation of IGF-1 signaling promotes mitogenesis and inhibits apoptosis in cancer cells [26] . The vast majority of IGF-1 and IGF-2 are synthesized by the liver [27] . Thus, IGF-1 levels appear to be associated with liver reserves. Low serum IGF-1 levels are associated with extensive liver involvement and vascular invasion in patients with HCC [28, 29] .
Based on patients with all-stage HCC, Kaseb et al. found that lower plasma IGF-1 levels are significantly correlated with poor OS. They also found that incorporating plasma IGF-1 levels into HCC staging, such as the Barcelona Clinic Liver Cancer staging system, can significantly enhance the prognostic stratification of patients [30, 31] . However, based on patients enrolled in two phase II clinical trials testing first-line antiangiogenic therapy for advanced HCC, Shao et al. found that serum IGF-1 levels may be more than a prognostic marker [32] . Their study showed that high pre-treatment serum levels of IGF-1 were associated with not only better OS, but also improved DCR and PFS. Although no control arm was available in the study, the vast difference in DCR implies the potential of IGF-1 as a predictive marker for the treatment response of antiangiogenic therapy for advanced HCC. This result requires validation in large-scale studies and further exploration of its underlying mechanisms.
Conversely, blood IGF-2 levels have little association with the treatment efficacy of sorafenib for advanced HCC. Llovet et al., based on a phase III study testing sorafenib as firstline therapy for advanced HCC, did not find an association between IGF-2 levels and treatment outcomes [18] . The aforementioned study by Shao et al. also failed to find any such association [32] .
Alpha-fetoprotein (AFP)
AFP is a glycoprotein expressed by HCC and secreted into the blood of approximately 70% of HCC patients. Thus, the blood AFP level is useful for early detection and differential diagnosis of HCC [33] . For patients who undergo curative hepatectomy for localized HCC, the AFP level is also helpful for recurrence detection and is associated with prognosis [34] [35] [36] [37] .
Whether the pre-treatment baseline AFP level is a prognostic or even a predictive marker for patients with advanced HCC receiving antiangiogenic therapy remains unclear. Whereas some studies have shown that the pre-treatment AFP level is associated with patient prognosis for advanced HCC [18, [38] [39] [40] [41] , other studies have shown no such association [32, 42] . Shim et al. found that a high pre-treatment AFP level (≥ 400 ng/ml) predicted shorter TTP [43] , but they did not analyze the association between the baseline AFP level and objective response rates (ORR), DCR, or OS. Other studies failed to confirm the prediction of TTP based on the baseline AFP level [38, 39] . Overall, the pre-treatment baseline AFP level is likely a prognostic factor but not a predictive factor for patients with advanced HCC.
The post-treatment change of AFP level in patients with advanced HCC has gained much attention recently because it may predict the treatment response earlier than the scheduled imaging studies adopted in conventional tumor response assessments. Before the era of antiangiogenic therapy for advanced HCC, a few studies identified that a decline in the posttreatment AFP level was associated with the radiologic tumor response and with survival in patients receiving systemic therapy [44] [45] [46] . However, these studies were not in agreement on the definition of AFP response regarding the magnitude of AFP decline or the timing of AFP level evaluation.
After analyzing 72 advanced HCC patients enrolled in three phase II studies testing firstline antiangiogenic therapy, Shao et al. found that an early AFP response predicted the treatment response [47] . This study defined early AFP response as a > 20% decline from the baseline AFP level within 4 weeks of treatment initiation. Early AFP responders, compared with non-responders, had significantly improved ORR, DCR, PFS, and OS. These findings were confirmed in other studies with patients receiving sorafenib for advanced HCC, although the time of assessment of AFP response varied from 2 to 8 weeks in these studies [48] [49] [50] .
The dynamic change of serum AFP level might represent tumor viability, thus making it a reasonable early marker of tumor response to interventions or treatment. Therefore, it is not a marker specific to sorafenib or to antiangiogenic therapy. Other caveats are that advanced HCC patients with normal baseline serum AFP levels cannot be assessed for AFP response, and the optimal definition of AFP response remains unclear. However, until researchers find useful pre-treatment markers with predictive power at the baseline, the early AFP response can be a good complement to help make early clinical decisions.
Other Serum/plasma factors
The largest study on predictive and prognostic markers for advanced HCC was based on a phase III clinical trial comparing sorafenib and placebo as first-line therapy. Llovet et al. found a trend that, although not statistically significant, patients with high serum c-Kit levels and a low serum hepatocyte growth factor (HGF) concentration at baseline had greater survival benefits from sorafenib. Sorafenib exhibits some activity against c-Kit but no activity against c-Met, the receptor for HGF. However, these findings have not yet been confirmed in other studies based on patients treated with sorafenib.
Circulating Endothelial Cells (CECs) / Circulating Endothelial Progenitors (CEPs)
CECs and CEPs are potential surrogate markers of angiogenesis activity. Increased numbers of CECs and CEPs appear in various physiologic and pathologic conditions in which angiogenesis plays a significant role [51] . Preclinical models have shown that antiangiogenic therapy suppressed viable CEPs and raised the number of apoptotic CECs [52] [53] [54] [55] [56] . Elevated CEC and CEP levels appeared in patients with HCC [57, 58] , and were associated with tumor aggressiveness or advanced stage [58] [59] [60] .
Despite the sound rationale of using CECs or CEPs to predict the efficacy of antiangiogenic therapy, the results of clinical studies have been conflicting and limited. One obstacle in using CECs or CEPs in clinical practice is that the enumeration of CECs and CEPs remains highly technique-dependent. The time from blood sampling to examination is crucial. Therefore, it is difficult to examine CEC or CEP levels in large clinical trials across continents.
Only three studies have attempted to investigate the predictive or prognostic values of CEC or CEP levels in patients undergoing antiangiogenic therapy for advanced HCC. Shao et al. evaluated 40 patients enrolled in a phase II study testing first-line combination therapy with sorafenib and metronomic tegafur/uracil [61] . This study found increasing trends in the levels of total CECs and viable CECs after 4 weeks of treatment in patients with progressive disease. No such trends appeared in patients who had disease control. A high baseline CEP level predicted poorer PFS or OS.
In a phase II study investigating bevacizumab as first-line therapy for advanced HCC, Boige et al. evaluated the significance of CECs. Their study showed that high or increased CEC counts at 15 days after the start of treatment were associated with better ORR or DCR [10] . However, the change in CEC count was not associated with either PFS or OS. CEPs were not examined in this study. Based on nine patients enrolled in a phase II study using sunitinib for advanced HCC, Zhu et al. found that an increase in post-treatment CEP levels was associated with an increased risk of disease progression [12] .
The conflicting results of these three studies are not surprising, considering the limited number of patients involved and the diverse treatment regimens. Therefore, whether CEC or CEP levels can serve as a predictive or prognostic marker for antiangiogenic therapy against advanced HCC requires further research.
Tumor Characteristics
The characteristics of cancer cells, including protein expression or genetic alterations, are frequently used as predictive or prognostic markers in an increasing number of human cancers. The expression of estrogen receptors predicts the efficacy of hormone therapy for breast cancer; EGFR mutations in lung adenocarcinoma predict the efficacy of gefitinib and erlotinib [62, 63] . Similar studies are few for advanced HCC.
One of the main reasons is that the diagnosis of HCC does not necessarily require histologic examination [64] . Another possibility is that the methods of tissue procurement may have significant impact on the stability of certain markers and their expression levels. Shao et al. compared the immunohistochemical (IHC) staining results of paired HCC tissues acquired by pre-operative biopsy and by hepatectomy from the same patients. Although some markers such as p53 and beta-catenin resulted in similar expression levels between paired HCC tissues, the staining results of phospho-Akt and phospho-ERK showed marked dissimilarities [65] . This confounding factor needs to be taken into consideration when interpreting IHCdetected biomarker studies of HCC employing tissues procured by different methods.
Antiangiogenic therapy is currently the main treatment for advanced HCC, and several markers are associated with angiogenic activity. Microvessel density has been used as a surrogate to evaluate angiogenic activity [66] [67] [68] . The expression of VEGF-A, hypoxia inducible factor-1α, and Ang2 can predict microvessel density [69, 70] . However, whether these angiogenic markers are useful for predicting the efficacy of sorafenib for advanced HCC remains unclear.
Because sorafenib not only inhibits angiogenesis-related pathways but also the MAPK pathway via Raf, several studies have examined the downstream signaling molecules of Raf, such as ERK. In a phase II study of sorafenib for advanced HCC, Abou-Alfa et al. found that patients with tumors expressing high levels of phospho-ERK had a longer TTP [71] ; however, another study did not find this association [72] .
A study based on 39 patients treated with sorafenib for advanced HCC showed that the tumor expression of phospho-c-Jun (p-c-Jun) was associated with a poor tumor response and shorter TTP and OS [73] . p-c-Jun expression is associated with stem cell-like characteristics, as demonstrated by CD-133 expression; however, the mechanism underlying the association between p-c-Jun and the efficacy of sorafenib remains unclear.
Studies employing pre-treatment HCC tissues to analyze for protein marker expression and/or genetic alterations in tumor cells as predictive and prognostic markers for advanced HCC are relatively few. This dearth warrants further studies evaluating the markers of angiogenic activity in pre-treatment HCC tissues of patients treated with sorafenib or other antiangiogenic agent.
Functional Imaging
Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI)
Because substantial anatomic tumor shrinkage rarely occurs after antiangiogenic therapy for advanced HCC, investigators are keen to find other methods of evaluating antiangiogenic therapy. DCE-MRI measures changes in tumor blood flow, vascular permeability, and interstitial and intravascular volumes [74] . Therefore, DCE-MRI has gained considerable interest for its potential predictive and prognostic values for antiangiogenic therapy for HCC.
Based on the patient cohort of a phase II study testing sorafenib combined with metronomic tegafur/uracil as first-line therapy for advanced HCC [11] , Hsu et al. performed DCE-MRI before treatment and after 14 days of treatment [75] . They selected the most contrastenhanced region of the tumor and measured the volume transfer constant, K trans . Compared to patients with progressive disease, patients with disease control had a significantly higher baseline K trans , which significantly decreased after treatment. A vascular response, defined as ≥ 40% decreased in K trans after treatment, was associated with improved PFS and OS. Another study examining sunitinib as treatment for advanced HCC found similar results. Zhu et al. found a significant decrease in K trans in all patients, but the extent of the decrease was significantly greater in patients who had disease control compared to those with progressive disease.
These two studies demonstrated compatible results, supporting the potential use of DEC-MRI or other functional imaging studies as predictive and/or prognostic markers of antiangiogenic therapy for advanced HCC. Further studies are warranted to confirm these findings. 18 F-fluorodeoxyglucose (FDG)-PET can be used to evaluate the increased uptake and accumulation of radiolabeled glucose as a surrogate of viable malignancies. Although FDG-PET can help with staging of several cancers, its sensitivity for HCC diagnosis is not sufficiently high (50-55%) [76, 77] . However, for patients with HCC that avidly takes up labeled glucose, FDG-PET may predict prognosis after resection [78] [79] [80] . In patients with unresectable HCC receiving a hepatic arterial infusion of chemotherapy or transcatheter arterial chemoembolization, several studies have shown the potential role of FDG-PET in predicting prognosis [81, 82] .
Positron emission tomography (PET)
Only one study has examined FDG-PET in patients who received antiangiogenic therapy for advanced HCC. Based on 29 patients treated with sorafenib, Lee et al. found that low pretreatment standardized uptake values (SUV) predicted improved PFS and OS, but not DCR [83] . This early result requires further confirmation.
Treatment Side Effects
The occurrence of treatment-related side effects can be a pharmacokinetic and pharmacodynamic marker. Many studies have attempted to investigate whether the occurrence of certain treatment side effects can predict treatment efficacy. For example, a skin rash is associated with the efficacy of cetuximab in patients with metastatic colorectal cancer [84, 85] . Several studies have evaluated whether the occurrence of sorafenib-specific side effects are correlated with its efficacy.
Hypertension
Hypertension is a class-specific toxicity for antiangiogenic therapy and is associated with the efficacy of bevacizumab-containing chemotherapy for colorectal cancer [86] . Based on a retrospective review of 41 patients who received sorafenib for advanced HCC, Estfan et al. found that documented hypertension during treatment was associated with OS, regardless of the baseline blood pressure status [87] . However, another retrospective study based on patients treated with sorafenib for advanced HCC failed to identify associations between hypertension and DCR, PFS, or OS [88] .
Skin toxicities
Skin toxicities, including hand-foot skin reactions and rashes, are relatively common in patients undergoing sorafenib treatment. In Western countries, approximately 20% of patients receiving sorafenib for advanced HCC experience skin toxicities [4] . In East Asia, the occurrence rate is higher: approximately 45% of patients may develop hand-foot skin reactions [5] . In a retrospective study, Otsuka et al. found that the occurrence of skin toxicities during sorafenib treatment for advanced HCC was associated with improved OS, but not with DCR or TTP [88] . A retrospective analysis of skin toxicities during the whole treatment period may be confounded by an inherent observation bias because patients who are treated for longer periods may be at a greater risk of experiencing toxicities.
Vincenzi et al. prospectively examined 65 patients who received sorafenib for advanced HCC by evaluating and scoring early skin toxicities (within the first month of treatment) [89] . Early all-grade skin toxicities predicted significantly improved DCR and TTP, and prolonged OS with borderline significance.
Because of their association with pharmacodynamic effects, treatment-specific side effects may be used to predict the treatment efficacy of sorafenib and other antiangiogenic agents in patients with advanced HCC. However, prospective studies with well-controlled treatment schedules and toxicity evaluation intervals are warranted to verify this concept.
Genetic Polymorphisms
Genetic polymorphisms of VEGF-A, one of the key regulators of angiogenesis, have been associated with survival after the resection of early cancers, including colon cancer, non-smallcell lung cancer, breast cancer, and HCC [90] [91] [92] [93] . For patients with colon cancer who received bevacizumab-containing chemotherapy, VEGF-A polymorphisms may also predict the efficacy of bevacizumab [94, 95] .
No study has investigated VEGF-A polymorphisms in HCC patients treated with sorafenib. Only one study based on a phase III clinical trial comparing sorafenib and axitinib for advanced renal cell carcinoma examined VEGF-A polymorphism. However, this study found no association between VEGF-A polymorphisms and sorafenib efficacy [96] . Because sorafenib targets the VEGF receptor, not VEGF itself, investigators should consider focusing on VEGFR polymorphisms rather than VEGF-A polymorphisms.
Summary
No predictive markers for the efficacy of antiangiogenic therapy for advanced HCC have yet been confirmed. The largest biomarker study of antiangiogenic therapy for HCC evaluated ten plasma angiogenic factors incorporated in the pivotal phase III study of sorafenib (i.e., the SHARP study). Unfortunately, none of the tested biomarkers significantly predicted the response to sorafenib. Small-scale single-arm studies have found that an early AFP response, the baseline IGF-1 level, and DCE-MRI findings showed some promise as potential predictive markers of antiangiogenic therapy for patients with advanced HCC. However, these preliminary data require validation by large studies.
The heterogeneous etiology of advanced HCC is another challenge for studies on predictive markers. The various etiologic factors of HCC, including hepatitis B virus infection, hepatitis C virus infection, and alcoholic liver cirrhosis, can lead to different carcinogenesis process-es and may influence different signaling pathways. This confounding factor may complicate studies attempting to find predictors of treatment outcomes.
Other than the different etiologies, advanced HCC is a heterogeneous disease by definition. Because advanced HCC is defined as a disease not amenable to locoregional therapy, it may include metastatic diseases, localized diseases failing prior locoregional therapy, and locally advanced diseases involving major vessels. Several clinical trials have shown that even in patients with advanced HCC, staging systems such as the Cancer of the Liver Italian Program (CLIP) score can still differentiate different prognosis [39, 97] . These findings should be considered in clinical trial designs and biomarker studies.
Despite these many difficulties, the search for a useful predictive marker for the efficacy of antiangiogenic therapy for HCC should continue. Such predictive markers could help physicians form improved treatment decisions and shed light on the future development of targeted therapy for advanced HCC. International cooperation is the key to success because large patient numbers are necessary to validate these predictive and prognostic markers.
